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Validation of the HeartDiet questionnaire
Coronary heart disease (CHD) is one of the leading 
causes of death worldwide [1]. Many factors contribute 
to the risk of CHD, and several of these factors are mod-
ifiable by lifestyle, especially smoking, physical activity 
and diets such as intake of fat (quality and quantity), 
fruit, vegetables, fish and whole-grain products. Life-
style and lifestyle changes are therefore considered  
essential for prevention and treatment of CHD [2]. 
Reli able dietary information is crucial for dietary coun-
selling, and dietary registration and food frequency 
questionnaires (FFQ) are used in clinical practice to 
evaluate diets. Even so, these methods are often com-
plicated and time-consuming for both patients and 
care-takers [3]. To measure the habitual diet of healthy 
participants and patients with dyslipidaemia and/or 
CHD, a new short and simple self-administered FFQ, 
named “HeartDiet” (in Danish language: “HjerteKost”), 
was developed. 
The questionnaire was developed based on national 
dietary recommendations focusing on intake of fruit 
and vegetables, fish, whole-grain and saturated fatty 
acids (SFA) [4]. A pilot study with 26 participants was 
conducted to test if the FFQ was comprehensible and 
quick to fill in, and after minor adjustments, the pre-
sent version of HeartDiet [5] was applied in the valid-
ation study.
The aim of the study was to validate HeartDiet by 
comparing it with the validated semi-quantitative 198-
item FFQ in the Inter99 study [3], and also with serum 
β-carotene and serum n-3 polyunsaturated fatty acids 
(n-3 PUFA) as biomarkers for dietary intake.   
METHODS
Study design and study population
The study was a validation study comparing results 
from HeartDiet with results from the 198-item FFQ 
used in the Inter99 study, an already validated and 
considerably longer FFQ [3]. In addition, HeartDiet 
was compared with serum β-carotene and n-3 PUFA as 
biomarkers for dietary intake of fruit and vegetables 
(β-carotene) and fish (n-3 PUFA).
The inclusion criteria were men or women aged 30 
years or more who were able to speak, read and write 
Danish. Healthy participants (n = 100) were recruited 
by advertising in the local area, while participants with 
CHD (n = 100) were primarily recruited from Aalborg 
University Hospital and also from the local counselling 
centre of the Danish Heart Association. The exclusion 
criteria were severe non-cardiac illnesses, unstable 
CHD, unstable diets, intention to change diet or other 
factors that might influence the study results. 
Validation of HeartDiet 
The 200 participants completed HeartDiet and the 198-
item FFQ in random order after prior instruction by a 
clinical dietician. They were told to complete the two 
FFQs based on their diet in the previous four weeks. 
Additionally, participants were asked about dietary 
supplements (including fish oil). To ensure a high data 
quality, data from HeartDiet were entered twice and 
verified, using EpiData [6]. The data from the 198-item 
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FFQ were scanned and converted into daily intakes of 
macro-nutrients and micro-nutrients using standard 
portion sizes and FoodCalc version 1.3 [7]. 
The food frequency questionnaire, HeartDiet
Through 19 short questions, HeartDiet evaluates the  
intake of different food groups: dairy products, bread, 
cereals, potato/rice/pasta, fats, meat, fish, vegetables/
legumes, fruits, nuts, sweets and different kinds of 
snacks and fast food. Questions with a focus on the 
type of food most often consumed (quality) refer to 
well-known brands or groups of foods, whereas ques-
tions which address how often a certain group of foods 
is consumed (quantity) are phrased in terms of every-
day portion sizes. It is possible to tick-off one of three to 
five possible answers to each question corresponding to 
0 to 18 points. Points for the various questions have 
been assigned by a research group (clinical dieticians, 
biostatisticians and cardiologists) at the Lipid Clinic, 
Aalborg University Hospital. 
After completion of HeartDiet, the points are sum-
marised into two scores by the staff: a fat score (sum of 
questions 1-9) and a fish-fruit-vegetable score (sum of 
questions 10-19). The fat score and the fish-fruit-veg-
etable score range from 0 to 100 points. A heart healthy 
diet is defined as one  which fulfils criteria about fruit, 
vegetables, fish, fibres, sugar and fat based on the eight 
official pieces of advice provided as part of the national 
Danish dietary recommendations [4, 5]. A score of 75% 
or more was considered to reflect a heart-healthy diet 
with respect to: intake of SFA and a combination of 
fruit, vegetable, fish and wholegrain intake. The score 
limit relied on a clinical evaluation and was not based 
on data. If both scores were at least 75%, the overall 
diet was considered heart healthy. The last page in the 
questionnaire includes supplementary questions about 
smoking habits, alcohol consumption and physical  
activity.
Laboratory measurements 
Biomarkers were analysed for a random sample of 50 
healthy participants, who had been fasting for at least 
ten hours for assessment of serum phospholipids and 
β-carotene. Fatty acid composition of serum phospho-
lipids was analysed by gas chromatography (Chrom-
pack CP-9002), and a CP-sil 88 capillary column, fatty 
acid methyl esters with 14 to 24 carbon atoms, and sep-
aration of several trans fatty acids was quantified as 
previously reported in detail [8]. The relative content 
of marine n-3 PUFA of total fatty acids was calculated 
as the sum of eisosapentaenoic acid, docosapentaenoic 
acid and docosahexaenoic acid and used as an objec-
tive measure and biomarker of fish consumption. Se-
rum levels of β-carotene, reflecting intake of fruit and 
vegetables, were determined at a commercial labora-
tory (Unilabs A/S, Copenhagen, Denmark), using a 
standard high-performance liquid chromatograph 
method [9].
Statistics 
The statistical analyses comprised two parts: 
I Data from HeartDiet on fish, fruit and vegetables 
were compared with corresponding results from the 
198-item FFQ. Additionally, intakes of fish and fruit/
vegetable were compared with their respective bio-
marker. All analyses were conducted using scatter plots 
and the Spearman’s rank correlation coefficient with 
95% confidence interval (CI) calculation using Fisher’s 
z-transformation.
II HeartDiet’s classification of a heart healthy diet 
(≥ 75 points in the fat-score and fish-fruit-vegetable 
score) was compared with the national dietary recom-
mendations and with the 198-item FFQ by calculating 
the overall agreement [4, 9]. Also, the fat score from 
HeartDiet was compared with the calculated intake of 
SFA (g/day) and energy percentage from SFA (E%) 
from the 198-item FFQ using Spearman’s rank correla-
tion coefficient. Furthermore, HeartDiet’s classification 
of persons with healthy dietary patterns was evaluated 
by examining if these persons had statistically signifi-
cantly higher intakes of several important macro-nutri-
TABLE 2
Correlations between HeartDiet, and the 198-item food frequency questionnaire in the Inter99 
study (Inter99) and biomarkers. Intakes are provided in g/day, and biomarkers are measured in 
weight% of total polyunsaturated fatty acids (n-3 PUFA) and µmol/l of β-carotene.
HeartDiet Comparison Spearman’s ρ (95% CI) n
Fish intake Fish intake, Inter99 0.75 (0.68-0.81) 199
n-3 PUFA intake, Inter99 0.74 (0.67-0.80) 199
Serum n-3 PUFA, biomarker 0.45 (0.19-0.65)   50
Fruit intake Fruit intake, Inter99 0.70 (0.62-0.76) 199
Vegetable intake Vegetable intake, Inter99 0.54 (0.44-0.64) 199
Fruit and vegetable intake Serum β-carotene, biomarker 0.59 (0.37-0.74)   50
CI = confidence interval.
TABLE 1
Basic characteristics of the participants.
Healthy 
participants
(N = 99)
CHD
patients
N = 100)
Random subgroup
for biomarkers
(N = 50)
Sex, F/M, n 74/25 32/68 35/15
Age, yrs, median (interquartile range) 53 (41-63) 65 (59-69) 53 (39-60)
Smoking, never/previous/present, n 70/24/5 60/34/6 39/8/3
Exercise, n/wka, median (interquartile range) 4 (2-6) 3 (2-5) 3 (2-5)
CHD = coronary heart disease; F = female; M = male.
a) ≥ 30 min. each time.
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ents and micro-nutrients, higher levels of biomarkers 
and a lower intake of SFA, using Student‘s t-test for  
independent samples.
Trial registration: not relevant.
RESULTS
All 200 participants completed the study. However, 
one participant was excluded from the analyses be-
cause of extremely high and unlikely intakes of sugar 
and fats. Basic characteristics of the participants are 
presented in Table 1. 
Table 2 and Figure 1 show the validation of the  
intake of fish, fruit and vegetables according to the 
HeartDiet compared with the 198-item FFQ. There was 
a good and highly statistically significant correlation 
between results from HeartDiet, the 198-item FFQ and 
the measures of different biomarkers. Analyses of sub-
groups (men/women, healthy/CHD patients, young/
old) did not change this.  
To evaluate HeartDiet’s classification of a heart-
healthy (≥ 75 points in both scores) or not heart-
healthy diet, HeartDiet was compared with a similar  
dichotomous classification obtained from the 198-item 
FFQ and the national dietary recommendations (Table 
3). 
The overall agreement between HeartDiet and the 
198-item FFQ was 80% calculated as (140 + 19)/199. 
Few participants were classified as having a heart-
healthy diet by HeartDiet and a not heart-healthy diet 
by the 198-item FFQ. 
There was a statistically significantly linear trend 
between the fat score from HeartDiet and the intake of 
SFA (g/day) from the 198-item FFQ (–0.51; 95% CI: 
–0.61-–0.40) and between the fat score and the energy 
percentage from SFA (without alcohol) (–0.61; 95% 
CI: –0.69-–0.51). Furthermore, participants classified 
by HeartDiet as having a heart-healthy diet had statis-
tically significantly higher intakes of several important 
macro-nutrients and micro-nutrients and a lower in-
take of SFA than participants with an unhealthy diet, 
which supports that 75% is a sensible choice for a 
threshold value.  
DISCUSSION
In the present study, we found that the intake of fruit, 
vegetables, fish, wholegrain and SFA in HeartDiet over-
all was in good agreement with the 198-item FFQ used 
in the Inter99 study. Also, the comparison between se-
rum β-carotene and serum n-3 PUFA showed a good 
correlation between HeartDiet and the dietary intake of 
fruit and vegetables, and fish, respectively.
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The strengths of the present study were that 
HeartDiet was evaluated and validated in several ways 
including against the 198-item FFQ and a more prac-
tical evaluation in the form of the national Danish die-
tary recommendations. Furthermore, biomarkers were 
measured, and both healthy participants and patients 
with CHD were included. There were, however, also 
some limitations. HeartDiet was not evaluated against 
a gold standard, as such a scheme does not exist, but 
against a previously validated FFQ. Additionally, the 
choice of point system was not evidence-based but cho-
sen by us. The use of a point system was subsequently 
evaluated by tests and this evaluation showed that the 
choice seemed to work well (Table 3). HeartDiet was 
developed with two scores. The argument for making  
a separate fat score was that intake of SFA was con-
sidered a well-established and important risk factor for 
CHD when we developed HeartDiet [2, 10]. Recent 
studies have, however, raised doubt about the associ-
ation [11-13]. Among these, a large observational 
study showed that intake of total and saturated fat was 
associated with a lower risk of total mortality, but not 
of major cardiovascular disease, myocardial infarction 
and cardiovascular disease mortality [13]. However, 
the guidelines still recommend that saturated fat 
should account for a maximum of 10% of the total  
energy intake, and therefore the focus on saturated fat 
remains central to the HeartDiet [2, 14].  
HeartDiet was evaluated and validated in several 
manners. Firstly, dietary intake of fish, fruit and veget-
ables correlated with results obtained by the validated 
semi-quantitative 198-item FFQ used in the Inter99 
with correlation coefficients of 0.74 or above (fish and 
n-3 PUFA) and 0.54 or above (fruit and vegetables) 
(Table 2 and Figure 1). The main reason for the lower 
fruit and vegetables coefficients is likely the maximum 
daily intake of fruit (300 g) and vegetables (300 g) in 
HeartDiet, whereas the 198-item FFQ has a much 
higher maximum intake. However, dietary correlation 
coefficients at the presented level are, in general, con-
sidered reliable [3, 15]. Secondly, the comparison of 
the fish intake correlated significantly (albeit modestly) 
with the content of n-3 PUFA in serum phospholipids, 
and the fruit and vegetable intake correlated signifi-
cantly with their biomarker serum β-carotene with a 
correlation coefficient of 0.59 (Table 2). These correla-
tions are comparable and even stronger than results re-
ported in earlier studies [3, 16]. Thirdly, there was a 
significant correlation between the fat score obtained 
in HeartDiet and the SFA intake (g/day and E%) in the 
198-item FFQ. Fourthly, separating participants with a 
score of 75% from those with a lower score showed a 
lower SFA intake and a significantly higher intake of fi-
bre, n-3 PUFA, vitamins and other macro-nutrients and 
micro-nutrients in those with the higher score. This is 
in accordance with the results from the validation of 
the dietary quality score used in the Inter99 study [10] 
which further emphasises that our limit for a heart 
healthy diet is sensible. Fifthly, obtaining a heart 
healthy diet showed a good overall agreement between 
HeartDiet, and the 198-item FFQ and the national 
Danish dietary recommendations in 80% of partici-
pants meaning that the risk of overlooking severe prob-
lems was rather low. Finally, HeartDiet classified 140 
participants as not having a heart healthy diet com-
pared with 153 classified by the 198-item FFQ. This is  
a fair agreement, while HeartDiet only classified 19 
participants as having a heart-healthy diet compared 
with 46 classified by the 198-item FFQ. Nevertheless, 
HeartDiet may underestimate the fruit and vegetable-
intake compared with the 198-item FFQ, as mentioned 
earlier. Furthermore, the participants were asked to in-
clude vegetables used in stew in the 198-item FFQ, 
which participants may have forgotten in HeartDiet. 
However, this is now underlined in the updated version 
of HeartDiet.  
CONCLUSIONS
HeartDiet is well aligned with the 198-item FFQ used 
in the Inter99 study, and our choice of 75% as a limit 
between a heart-healthy and a not heart-healthy diet is 
sensible and useful in clinical practice. In addition, 
HeartDiet is a practical and easy and quick-to-use tool, 
and HeartDiet will hopefully prove helpful in the clinic 
and place a focus on diet and improvement of diets 
with the purpose of prevention of vascular disease.  
We also suggest that HeartDiet be investigated for fol-
low-up of patients receiving dietary counselling. 
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TABLE 3
Comparison of classifi-
cation by HeartDiet,  
Inter99 and the na-
tional dietary recom-
mendations. The values 
are n.
Inter99
HeartDiet not heart healthy heart healthy total
Not heart healthy 140 27 167
Heart healthy   13 19   32
Total 153 46 199
Inter99 = 198-item food frequency questionnaire used in the Inter99 
study.
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